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ABSTRACT

This document reports on analytical work carried out in cooper-
ation among three European laboratories. The purpose of this work
was to carry out a first assessment on the performances of passive
samplers for organic vapours when used in indoor air pollution
monitoring and simultaneously to evaluate the interlaboratory
agreement on low concentration analysis of a variety of volatile

organic compounds.

Two types of passive samplers were thus exposed in the different
facilities and replicate specimens were analysed at each of the
three laboratories. The most important finding was that differences
seem to exist between different specimens of the same sampler type.
Overall reproducibility and accuracy has been within 40%, but re-
producibility was better than 20% if a correction for the effect

of systematic differences between samplers was introduced.






INTRODUCTION

In the framework of a European research collaboration in the field
of Indoor Air Quality sponsored by the Commission of the EC and its
Joint Research Center (JRC) the assessment of indoor pollution by
organic gases and vapours has been identified as a priority objec-
tive. One important way to achieve this goal is the analysis of air
samples collected in a possibly wide variety of indoor spaces.
Therefore a simple, inexpensive and not disturbing sampling method
is required. Passive samplers are small inexpensive devicesconsist-
ing of an active charcoal strip or disk and an envelope providing
a diffusion gap; they have been developed for personal and space
monitoring of volatile organic air pollutants in work place atmo-
spheres and would meet these requirements. However, concentrations
of organic air pollutants in non industrial indoor environments are
typically 1-3 orders of magnitude lower than relevant concentra-
tions in work place atmospheres. Therefore a problem of sensitivity
arises.

We report here on pilot experiments performed jointly by the Hygiene
Institute of the Aarhus University (HIA), the Institute for Water,
Soil and Air Hygiene (WaBoLu) of the Federal Health Office, Berlin,
and the JRC. This pilot study was intended to give a first inform-
ation on the reproducibility, the accuracy and the sensitivity of
passive sampler measurements, as well as on the range of compounds
for which this sampling principle is suitable. Moreover, the study
should give some information on the stability of loaded samplers
when mailed over long distances. The question is of interest for
large-scale measurement campaigns where different (geographically
distant) laboratories would participate in the analysis of exposed

samplers.



The results of these experiments are not supposed to provide a de-
finite answer to the question whether or to which extent passive
samplers might be reasonably applied to the measurement of volatile
organic indoor air pollutants. The limited effort which could be
invested in this pilot study was rather aimed at assessing whether
a more detailed study is worthwhile and to which parameters or
details it should pay particular attention.

Two laboratory experiments have been carried out: one set of sam-
plers was exposed in a climate chamber of the HIA (Aarhus), another
set at the WaBoLu (Berlin).

EXPOSURE (sampling) CONDITIONS

a. Aarhus experiment

Two types of passive samplers, the 3500 Organic Vapor Monitor
(3 M Company) and the Gasbadge Organic Vapor Dosimeter (National
Mine Service Company), were exposed for 23 hours, distributed
over 4 days, in January 1983, -to vapours of 15 organic compounds
(see Table 1). During this time, air was also drawn through a
charcoal tube (manufactured by the SKC Company following NIOSH
recommendations). The type of compounds and the concentration
values during exposure (of about 9.5 mg per m3 of air, see below)
reflect average conditions of new Danish dwellings.

The exposure took place in a climate chamber (83 m3) at the HIA.
Figure 1 shows schematically the exposure facilities, in which
recirculation of air ensures perfect mixing of the added pol-
lutants. The indoor climate conditions during exposure were 23°C
and 45% RH.

The total compound concentration during exposure was monitored



by a FID detector calibrated with toluene, to keep it constant
at the selected value (9.5 mg/m3).

The pollutants were introduced into the ventilation system as
fine droplets of the liquid mixture, which were evaporated by

heating.

Nine samplers of each type were placed in the chamber, including
three which were left sealed to act as blank controls. The air
volume sampled through the charcoal tubes was accurately measured
and ranged between 146.7 and 164.9 liters. The samplers were
suspended to a hofizonta] string at the centre of the chamber
180 cm above the floor. The two types of passive samplers alter-
nated with 15 cm separation. Traditional charcoal tubes were
placed at the same height in the centre of the room.

Immediately after sampling the samplers (three of each type,
including the blank) were sealed and mailed to the two other

participating laboratories.

Table 1 - Composition of the liquid mixture of 15 compounds used

for the exposure in Aarhus

Compounds Concentration in liquid mg/g
n-Hexane 30.84
Cyclohexane 3.52
1-Octene 0.30
Ethylacetate 43.44
Isopropanol 3.49
3-Methy1-2-Butanole 3.69
n-Decane 34.07
4-Methyl-2-Pentanone 3.68
a-Pinene 39.42
Butylacetate 407.98
n-Hexanal 12.23
n-Butanol 40.41
1.3-Xylene 369.03
n-Propylbenzene 3.94
1.2.4-Trimethylbenzene 3.98
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Fig. 1 - The climate chamber at the Institute of Hygiene, Aarhus, Denmark
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b. Berlin experiment

Six OVM-3500 samplers and six Gasbadge samplers have been ex-
posed for two weeks in march 1983 in an all-glass exposure cham-
ber of 1 m3 (see Eig. 2). The chamber has been purged with a
test gas mixture containing six components at known concentra-
tions (see Table 2). The mixture was obtained by generating a
concentrated primary gas mixture in a permeation device and
diluting it with purified dry air. A flow of 290 1/h of the
resulting test gas mixture has been maintained throughout the
exposure period of 337 hours by means of a Brooks mass flow

controller.
The concentrations of the six components in the test gas mixture-
as determined by weighing the permeation tubes periodically -

are reported in Table 2.

Table 2 - Concentrations of the test compounds during exposure

n-hexane 122 +3 ug/m
n-heptane 19.8 + 4.0
benzene 34.9 + 1.8
toluene 78.6 + 1.4
1.3 xylene 18.2 + 1.3
1.1.1-trichloro-ethane 12.0:5 2.7

Three Gasbadge samplers were equipped with additional filter e-

lements for blank analysis.



ANALYTICAL TECHNIQUES

a. Hygiene Institute, University of Aarhus

The passive samplers were eluted following the recommendations
given by the respective manufacturers*, except for using as sol-
vent N.N.-dimethylformamide instead of carbon disulfide. The
charcoal tubes were eluted with the same solvent, for 24 hours
at 27°C, using 2 ml for each section of the tube. All eluates
as well as blanks and standards were analysed by gas-chromato-
graphy, employing a HP-5720 instrument with a 100 m x 0,25 mm
capillary column coated with CW20 M; the carrier gas was helium
at 2 cm3/min and the volume injected 1 ul with 1:10 splitting.
Any other detail of the analytical technique may be found in
Ref. (1).

The analyses were carried out several months after exposure of
the samplers, when another set of samplers exposed in the field
had to be analysed; in the meantime the samplers were stored in
refrigerator at - 40°C. The reference solution contained only
10 out of the 15 compounds adsorbed on the samplers: this is the
reason why no results are available for 1-octene, ethylacetate,

n-decane, a-pinene and n-hexanal.

No replicate analyses could be performed due to lack of time
and, finally, this was the first occasion in which passive sam-

plers were dealt with in Aarhus.

*

see annex 1 and 2.
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b. Institute for Water, Soil and Air Hygiene, Berlin

The active carbon pads of the passive samplers, as well as the
combined content of the two active carbon sections of the NIOSH

tubes, were extracted with CS Prior to this extraction, 200

>
pg of cyclooctane in C52 was added to the active carbon as in-
ternal standard. 0.5 ul of the elution solutions were injected
onto a gaschromatograph with an OV 1701 capillary column in the

splitless mode.

Due to lack of reference compounds, 1-octene and 3-methyl-2-bu-
tanol could not be measured. Butylacetate and n-hexanal, as well

as isopropanol and CS, could not be separated by the OV 1701

2
column. N-propylbenzene and n-decane were not well resolved on
this column too. Whereas toluene was not mentioned to be part
of the mixture of the Aarhus exposure experiment, all the sam-

plers contained this compound as indicated in Tables 4 to 6.

c. Joint Research Centre, Ispra

The passive samplers were extracted with 2 m1 CS_, the charcoal

2’
tubes with 1,5 ml and analysed by GC via splitless injection,
on an 0V-1 column. A GC-MS run was also carried out to confirm

identification of the different compounds.

0f the 15 compounds listed in Table 1, 3 are not reported, name-
ly: 1-octene, because too low in concentration, isopropanol,
because covered by the solvent peak and 3- methyl-2-butanol,
because the reference compound was not available. On the other
hand, toluene, not included in Table 1, was detected in all sam-

plers and the observed amounts are given.



The calibration of the GC system for a-pinene and 1.2.4 trimeth-
ylbenzene was performed respectively with decane and m-xylene,

due to lack of the former compounds.

Hexane and ethyl acetate which were not separated under our
standard temperature conditions were separated at subambient
temperature on the elution solution of one of the charcoal tubes
and the proportion of the counts observed was applied to the
merged peaks in all other samples, to derive the concentrations

of the single compounds.

The analyses were carried out about two months after exposure

due to travel and customs delay.

RESULT AND DISCUSSION

The chemical analysis gives the amount A of pollutant(s) extracted
from a sampler. This value is converted into the mean air concen-
tration ¢ of the pollutant during the exposure period by means of

the following equation:
C=A/(r-V) (1)

where r is the recovery coefficient (or the fraction of the
adsorbed pollutant which has been extracted)

and V - the sampled air volume in the case of active samplers

- a calibration factor in case of passive sampler which

is experimentally determined and/or theoretically de-

rived from the diffusion equation.
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For passive samplers V 1is in general expressed as product of the
sampling period t and an equivalent sampling rate S which is spe-
cific for each compound. For OVM 3500 samplers S cm3/min values
are supplied for most compounds of interest in industrial hygiene.
For the GASBADGE TM samplers a calibration factor is given which
has to be multiplied by the diffusion coefficient D[cmz/sec]of a
compound in order to obtain its sampling rate S.

With the two approaches concentration values are calculated using

the following formulae:
C[pg/m3] = 10% A/(r.5.t) for the OVM 3500 (2)
C[yg/m3] = 2,5.103 A/(r.D.t) for the GASBADGE (3)

sampler, where A is in ug/sampler and t in minutes.

Table 3 reports for the compounds used in the two exposure exper-
iments available S and D values.

Measured A/r values and calculated concentrations are reported se-

parately for the two exposure experiments.

The recovery coefficients r have been obtained in the following

ways by the three laboratories:

- At HIA (Aarhus) the recovery correction was implicitly incorpo-
rated into the A values through addition of the absorbant (char-
coal) to the reference solutions; thus the fraction retained was

not measured both in the sample and in the standard.

- At the WaBoLu (Berlin), since no experimental results were avai-
lable for the recovery of polar compounds, the recovery coef-
ficient for all compounds analysed by passive samplers was set

to 0.87, a mean value obtained for hydrocarbons (2). For active
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samplers, a recovery coefficient of 1 was used: in the case of
polar compounds, the same reason as for passive samplers applies,
whereas for hydrocarbons, the recovery was experimentally found

to be very close to 1.

- At the JRC (Ispra), a correction was introduced for only two com-
pounds (butanol and hexanal ), on the basis of some extraction
efficiency tests performed in the laboratory. These tests showed
no significant deviations of r from 1 for the other comﬁounds
tested, whereas for butanol and hexanal important losses occurred
(r = 0.28 and 0.67 for butanol on resp. O0VM-3000 and Gasbadge;
r = 0.79 for hexanal on OVM-3500)."

a. Aarhus experiment

The measured A/r values are reported in Tables 4 - 6, separately
for the three sampler types. The Tables contain for each of the
test compounds the mean and the difference of the two quantities
determined for each couple of samplers.

In addition, the means of all A/r values obtained from a single
sampler type and the associated relative standard deviations
are given.

As already mentioned in the experimental section, a number of
constituents have not been detected or quantified at all or not

in all samplers due to one or several of the following reasons:
- too low concentration (1-octene)

- unavailability of reference compounds (ethylacetate, n-decane,
a - pinene and hexanal at Aarhus, 3-methyl-2-butanole at Ber-

1in, 3-methyl-2-butanole and a-pinene at Ispra)

- interference from the CS2 (solvent) peak (isopropanol at Ber-
lin and Ispra and to a lesser extent, ethylacetate and cyclo-

hexane at Berlin) or
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Table 3 - Sampling constants of passive samplers

0VM-3500 GASBADGE

S [cm3/min] D [emd/sec]
1.1.1-trichloroethane 30.9 0.0794
n-hexane 32.0 0.0732
n-heptane 28.9 0.0664 &
n-decane 22.8 R
cyclohexane 32.4 0.0794 7)
a-pinene 23.5 2) 0.0630 8)
benzene 35.5 0.0932
toluene 31.4 0.0849
1.3-xylene + 1.4-xylene 27.3 0.0679
n-propylbenzene 24.0 3 0.0669
T.2.4-trimethylbenzene 24.0 4) 0.0669
isopropanol 39.4 0.1013
butanol 34.3 0.0861
ethylacetate 34.5 0.0861
butylacetate 31.6 0.0672
3-methy1-2- butanole 33 %) 0.0793 °)
4-methyl-2-pentanone 30.0

1) extrapolated from n-hexane to n-nonane values

2) estimated from values for n-nonane, n-decane and naphtalene
3) estimated from cumene

4) estimated from other alkylbenzenes

5) interpolated between 2-butanone and 4-methyl-2-pentanone

6) interpolated between n-hexane and n-octane

7) estimated from other hydrocarbon values

8) value of 1.4-cymene

9) value of methyl-propyl-ketone




Table 4 - Results obtained on the OVM-3500 samplers exposed in Aarhus

HIA WaBoLu JRC Overall [Standard
wq/sampler}] [ug/sampler] [ug/sampler] mean dev.
mean [1] |differ. | mean [1]] differ. | mean [1] differ Jug/sampler] (%]
n-hexane 11.0 5.2 8.9 (4) 17.2 4.6 12.4° 28
cyclohexane 1.4 (4) 3.1 1.2 1.53 0.46 2.01- 47
ethylacetate - - 14.9 (4) 19.2 5.1 17.0 19
isopropanol 1.4 (2] - - - - - - -
3-methyl-é-butanol 1.4 (4) (3) - - - - -
n-decane 6.9 2.5 8.9 0.3 11.1 3.7 8.95 27
4-methyl-2-pentanone - - (3) - 0.69 0.26 - -
a-pinene - - 11.3 0.8 11.9 2.6 11.6 10
butylacetate 139 66 }126 1.5 126 36 130 19
n-hexanal - - 1.0 0.27 - -
n-butanol i3.8 5.1 13.7 0.9 13.3 0.9 13.6 12
1.3-xylene + 1.4-xylene 1m 63 134 1.6 147 44 131 22
n-propylbenzene 4.1 (2) - 1.35 0.3 1.29 0.38 1.88 67
1.2.4-trimethylbenzene - - 1.95 0.9 1.89 0.78 1.92 25
toluene 13.7 7.8 14.0 0.4 15.6 4.6 14.4 21

(1)
(2)
(3)
(4)

of the two samplers
one value only

both results below detection limit (1.3 ug)

below detection limit

-£l-



Table 5 - Results obtained on the GASBADGE samplers exposed in Aarhus

HIA WaBolu JRC Overall Stand.
_ [ug/sampler] [ ug/sampler] [ pg/sampler] mean dev.
mean [1] | difference|meanll] [difference [meanl1l|differ.f[ug/sampler] | %]
n-hexane 12.1 1.8 21.6 14.4 27.9 3.4 20.5 42
cyclohexane 1.9 (4) 6.25 4.3 2.86 0.16 3.67 67
ethylacetate - - 20.5 1.0 30.2 3.6 25.4 23
3-methyl-2-butanol 4.7 1.9 - - - - - -
n-decane 10.3 1.9 10.3 0.6 10.5 0.3 10.3 6.2
4-methyl-2-pentanone 1.9 (4) 1.9 0.1 2.1 | 0.1 1.93 5.3
a-pinene - - 13.2 .2.8 10.5 0.5 11.8 17
butylacetate 161 9 140 5 151 9.5
n-hexanal - - 163 } 12 - - - -
n-butanol 8.5 1.7 0.8(2)} - 16.3 2.4 10.1 66
1.3-xylene + 1.4-xylene 147 11 184 34 160 4 163 13
n-propyl benzene 3.7 (4) 1.5 0.2 1.4 0.8 2.2 53
1.2.4 trimethylbenzene 16.8 (3)] - 2.2 0.3 2.1 0.06 5.0 132
toluene 23.3 1.8 24.9 8.2 19.3 0.3 22.5 17

(1) of the two samplers

(2) one value only; the other is
(3) one value only

(4) below detection limit

below detection

-VI.-



Table 6 - Results obtained on the charcoal tubes exposed in Aarhus

HIA WaBolLu JRC Overall tandard
[ug/sampler] [pg/sampler} [ug/sampler] mean dev.
mean [1] | differ.|mean [1] | differ.| wmeanl1] | differ.]lug/samled}- [%]
n-hexane 66.6 4.3 59.6 27.2 105 86 77.1 47
cyclohexane 10.2 1.7 13.7 5.2 8.46 2.95 10.8 29
ethylacetate - - 59.8 23.9 114 93 86.6 58
isopropanol 3.7 (3) - - - - - -
3-methyl-2-butanol 9.3 0.1 - - - - - -
n-decane 54.6 9.7 63.8 52.9 67.6 27.2 62.0 32
4-methyl-2-pentanone 5.6 0.1 (2) 7.4 4.1 6.48 31
a-pinene - - 64.4 23.3 74.2 28.8 69.3 23
butylacetate 1066 177 }702 }289 678 276 815 29
hexanal - -
n-butanol 88.8 15.5 40.5 20.3 31.3 9.4 53.5 54
1.3-xylene + 1.4 xylene 740 117 816 400 762 313 773 22
n-propylbenzene 13.0 3.9 8.0 3.1 10.5 4.7 10.5 31
1.2.4 trimethylbenzene 7.4 (3) 10.1 4.2 10.6 4.9 9.26 27
toluene 73.9 0.6 64.6 35.9 57.3 22.0 65.3 23

(1) of the two samplers

(2) both results below detection limit (1.3 ug)
(3) below detection limit

-Sl-
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- insufficient GC separation (butylacetate/hexanal and decane/
n-propylbenzene at Berlin, hexane/ethylacetate at Ispra. In
this latter case separation was achieved for one sample using
subambient temperature: the peak area ratio determined in this

experiment has been used to correct the other values).

At Ispra the GC-response factor of n-decane has been used for
a-pinene, which may result in an underestimate (< 20%) of the

a-pinene quantities.

Using values of S and D reported in Table 3 and equations (1),
(2) and (3), the A/r values reported in Tables 4-6 have been
converted to concentration values where possible (see Table 7).
Besides the values obtained in each laboratory with each sampler
type, mean concentration values obtained with the three sampler
types and the overall mean concentrations and their relative
standard deviations are given.

The results of the analysis of blank samplers are summarized in
Table 8. At Berlin, blanks have not been analyzed together with
the exposed samplers. Only later, five unexposed charcoal tubes
of the same batch as those used during the exposure experiment
have been analyzed.

For the discussion of the results it is important to note that
the participating laboratiories could only make a limited effort
in these investigations because the scope of the experiment was
not an in-depth study, but a rough assessment of the potential
usefulness of passive samplers for non-industrial indoor air
analysis, i.e. at concentrations in the ;Lg/m3 instead of the
mg/m3 range.

Hence, the following evaluation of reproducibility, accuracy and
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sensitivty is intended to give indications rather than to ar-

rive at stringent conclusions.

Reproducibility. For each couple of samplers the expression

A' -A'
_1 il i2
R[4 - D0 e - 200 (4)
1 il "2
has been calculated where A%] and A%Z are the quantities of com-

pounds i divided by the recovery coefficient r measured with the
two samplers of each couple and n is the number of compounds
which have been quantitatively detected. The values of R are
reported in Table 9. The reproducibility of the duplicate analy-
ses varies between 6 and 45%.

R varies considerably for the same sampler type and for the same
laboratory. High R values are unlikely to be only caused by the
analytical procedure (extraction+GC analysis) but are presumably
due to variations of the sampler characteristics.

This becomes evident if the ratios A{]/A{z are calculated in-
stead of the differences A{] - A}Z. Table 10 shows the mean
ratios

] Cop
RA =720 A /AL (5)

and their standard deviations for each couple of samplers analy-
sed in either of the three laboratories. The mean ratios ob-
tained with the QVM-3500 samplers at Aarhus and at Ispra and
with the charcoal tubes at Berlin and at Ispra show considerable
deviations from unity, exceeding the variability associated with
the analytical procedure. Table 9 has therefore been recalcu-

lated introducing the following correction:



Table 7 - Comparison of air concentrations [1] measured through different samplers in the Aarhus experiment nug/m3]

Overall

rel.

mean concentrations

-9l -

Results by HIA Results by WaBolLu Resuits by JRC
Compound mean SD CHARC. CHARC. CHARCG CHARC.
concent. % OVM3500{ GASB. | TUBE | OVM3500| GASB.| TUBE | OVM350(Q GASB.| TUBE | 0VM3500| GASB.| TUBE
n-hexane 425 41 277 503 | 496 246 296 { 425 199 529 | 382 385 683 681
cyclohexane 57 38 45 - 69 31 - 65 69 - 88 34 - 55
ethylacetate 482 34 347 528 | 562 - - - 310 427 | 384 399 629 740
isopropanol - - - - - 25 - 24 - - - - - -
3-methyl-2-butanol - - - - - 30 106 59 - - - - - -
n-decane 340 24 282 - 399 217 - 348 280 - 409 349 - 439
4-methyl-2-pentanone - - - - - - - 36 - - - 16 - 48
a-pinene 380 16 354 337 | 448 - - - 345 375 | 413 363 299 482
butylacetate 4104 30 2957 14123 |5233 (3150 4290 | 6800 | 2860 4350 | 4500 | 2860 3730 | 4400
n-butanol 317 36 284 258 | 388 || 289 177 | 566 286 17* 260 278 339 338
1.3-xylene + 1.4-xylene 4240 18 3433 14320 14967 ||2920 3880 | 4720 | 3520 4860 | 5230 | 3860 4220 | 4950
n-propilbenzene 64 48 67 59 67 || 122 99 83 40 40 51 39 38 68
1.2.4-trimethylbenzene 59 12 57 58 60 - 450*% 47 58 59 65 56 56 69
(1) obtained from the data in Tables 4 - 6. using the data in Table 3 and the equations (1 ~-(3

* values not included in the calculation of the mean
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Table 8 - Blank values observed in the different samplers [ug/sampler]

[these data were obtained at the JRC, except those with notes
1) + 2)]

0VM-3500 GASBADGE CHARCOAL TUBE

A+ B+ 2)
n-hexane <0.2 <1.8 - 3.8 R ~0.2 { ~0.3 <0.3
cyclohexane <0.2 <0.2 <0.2 | <0.2 <0.3-0.6
ethylacetate <0.3. 2.0 <0.3 | <0.3 <0.3
n-decane <0.2 0.66 ~0.2 | ~0.3 <0.3-2.8
4-methyl-2-pentanone <0.4 <0.4 ~<0.4 <0.4 <0.3
a-pinene <0.2 <0.2 <0.2 | <0.2 <0.3
butyl-acetate <0.4 <0.4 - 7.5 N <0.3 | <0.3 <0.3
hexanal * * * *
butanol <0.6 <0.6 - 13.2 " <0.5 | <0.5 <0.3
m-xylene <0.2 - 1.3 ' o.54 0.63| <0.2 [<0.3-2.0
n-propylbenzene <0.2 <0.2 <0.2 | <0.2 <0.3
1.2.4 - trimethylbenzene <0.2 <0.2 ~ (124) " <0.2 | <0.2 <0.3
Toluene <0.2 <1.1 <0.2 | <0.2 <0.3
Overall range <0.2 - 1.3 [<0.2 - 13.2 <0.2 - 2.8

1) values obtianed at the HIA-Aarhus
2) values obtained at WaBoLu, Berlin on five tubes
* not detected (see text)
+ first and second section of the charcoal in the tube
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S A5 /RA-AS,
RC[%] = - }1: R TR, 200 (6)

with RA values taken from Table 10. The corrected reproduci-
bility values RC are reported in Table 11. They are consistently
lower than the values of Table 9 and more likely in the range

of the presumable analytical reproducibility.

In the case of the values obtained at Ispra this has been con-
firmed by repetitive GC-analysis of several sampler extracts.
The relative standard deviations of the repetitively determined
test compound quantities varied from 5 to 15% in good agreement
with the figures of Table 11 obtained at Ispra. Comparing
Tab}es 9, 10 and 11 it appears, that charcoal tubes show the
strongest variations of the sampling characteristics, the OVM-
3500 samplers vary to a lesser extent and that the GASBADGE
samplers are the most homogeneous of the three sampler types.
Since only a small number of each type of sampler has been
analysed these results can only be an indication that the homo-
geneity of samplers needs further investigation.

Table 11 indicates that, apart from systematic differences bet-
ween samplers, all sampler types and laboratories perform com-
parably well with respect to the reproducibility of the analy-

tical result.

Accuracy. The accuracy of the results obtained with the dif-
ferent samplers could not be directly determined since the true
concentrations of the individual test compounds during exposure
are not exactly known.

Instead the overall mean concentrations shown in Table 7 are
taken as an estimate of the true concentration values.

This assumption is supported by a comparison of the resulting
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Table 9 - Reproducibility R of duplicate analyses

0VM-3500 GASBADGE CHARCOAL TUBE R
R (%) « SD R (%) + SD| R (%)* + SD
Aarhus 35 23 12 131N 10 19
Berlin 12 17 24 23 | 37 13 24
Ispra 28 8 6 4 | 45 17 26
R 24 14 31

Table 10 - Mean ratios RA of test compound quantities extracted from
couple of samplers

each

0VM-3500 GASBADGE | CHARCOAL TUBE —

RA £+ SD| RA ¢ SD| RAY + SD RA

Aarhus 1,46 0,32 1,06 0,200 1,09 0,16 1.20

Berlin 0,99 0,22 | 1,27 0,41 1,48 0,24 1.25

Ispra 1,27 0,20 [ 1,03 o,04 1,63 0,34 1.31
RA 1,24 1,1 1,40 0,28

Table 11 - Reproducibility of duplicate analyses after correction
for sampler differences

0VM-3500

GASBADGE

CHARCOAL TUBE

* corrected for differences of measured sample volumes

RC (%) # SD{RC (%) & SD|RC (%)* &+ SD RC

Aarhus 17 15 13 10 10 7 13

Berlin 12 16 23 16 10 10 15

Ispra 12 16 5 4 15 10 1
RC 14 14 12
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Table 12 - Overall mean and relative concentrations of test compounds
and comparison of their respective (relative) standard

deviations

overall mean |rel. stand.|rel.overalll rel.conc.|% deviation
concentration |deviation |mean conc. [in liq.test| III-1V
[ug / m3] (%) (%) 1) |[mixturel) IV
1 Il I11 IV ]
n-Hexane 425 41 10.02 8.36 20
c¢yclo-Hexane 57 38 1.34 0.95 41
Ethylacetate 482 34 11.37 11.77 3
n-Decane 340 24 .8.02 9.23 13
a-Pinene 380 16 8.96 10.68 16
Butylacetate 4.104 30 96.79 110.55 12
n-Butanol 317 36 7.48 10.95 32
m,p-Xylene 4.240 18 100.00 100.00 -
n-Propylbenzene 64 48 1.51 1.07 41
1,2.4-Trimethylbenzene 59 12 1.39 1.08 29

1) expressed as percent of the 1.3-1.4-Xylene concentration

Table 13 - Estimates AC of the accuracy obtained with the different
samplers in the three participating laboratories

0VM-3500 GASBADGE CHARCOAL TUBE AC (%) of
AC (%) « SD [AC (%) + SD| AC (%)  + SD | LAB. MEANS
Aarhus 40 26 28 22 28 29 21
Berlin 23 16 12 15 20 13 14
Ispra 17 14 22 21 25 20 14
AC of sampler
type means 17 9 16
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relative concentrations (in % of the xylene concentration, xylene
being supposed not to present particular difficulties with res-
pect to ad-and desorption) and the corresponding relative con-
centrations in the test mixture used for spiking the exposure
chamber air, as shown in Table 12. The Table, besides giving the
overall mean concentrations and their relative standard devi-
ations (columns I and II), contains these two relative concen-
trations (columns III and IV) and their relative deviations
(column V). With the exception of cyclohexane and 1, 2, 4-trime-
thylbenzene, the 1latter values are all within the relative
standard deviations of the measured overall mean concentrations.
Therefore the relative standard deviations of the overall mean
concentrations may be considered as a good estimate of the ac-
curacy of these experimentally determined concentrations, unless
a systematic error affects the determination of all test com-
pound quantities by the same factor, irrespective of the com-
pound nature. In view of the diversity of the test compounds,

such a hypothesis appears, however, rather unlikely.

The accuracy of the results obtained with the different samplers
and in the different laboratories has been estimated comparing
the relative standard deviations of the mean concentrations
measured with each couple of samplers with the overall mean con-

centrations, using the equation

;L E' 6
AC [3] = . Z 100 (7)
! 1'
where E} is the mean concentration of compound i determined with

. A .
one couple of samplers, c; is the overall mean concentration of

the same compound and n is the number of compounds for which
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both values have been determined. Results are reported in Table
13. The table contains also the average deviations of the mean
concentration values obtained with each sampler type and in each

of the laboratories from the overall mean concentrations.

Analysing Tables 12 and 13 it appears that the accuracy of con-
centration measurements is of the order of about 40% or better.
Among the samplers the GASBADGE appears to perform best whereas

differences between laboratories are less pronounced.

Detection limits. No particular attention has been payed to the

evaluation of detection limits. Therefore out of the four
factors which determine the minimum detectable amount of a sub-
stance (the solvent dilution factor, the extraction efficiency,
the blank value of the sampler, and the sensitivity of the GC-
analysis) only the blank values will be briefly considered. From
Table 8 1t results that, for the test compounds used in ;h1s
experiment, blank values ranging from <0.2 up to 13 ug have
been determ{ned. Assuming a signal/noise ratio of 3:1 as con-
dition for unambiguous detection, detection limits ranging from
0.6 up to 40 pug/sampler derive, with typical values around
1-5 pug/sampler. This would be equivalent to 25-120 ;Lg/m3 for

a 24 h exposure and to 4-17 ;Lg/m3 for a one week exposure.

Berlin experiment

The Berlin experiment has been designed for a comparison of true
(expected) and measured concentration values. Therefore test
compounds were released from thermostatted permeation tubes and
diluted in a controlled flow of purified dry air. Thus, concen-
trations in the exposure chamber could be calculated from the
weight loss of the permeation tubes and the dilution factor. The

choice of the test compounds was determined by the availability
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of appropriate permeation tubes.

In addition, the determination of test compound concentrations,
via weight loss of the permeation tube has been checked by a
well established sampling and analysis procedure using TENAX
adsorption tubes, thermal elution of test compounds and GC
analysis.

Concentrations determined by both methods are reported in Table
14 together with the mean values and the relative deviations
from the mean in percent.

The relative deviations are all below 10%. It is therefore sup-
posed that the mean expected concentrations correspond to the

true concentrations within an accuracy of 10%.

The experimental results are summarized in Tables 15 and 16 se-
parately for the OVM-3500 and the GASBADGE samplers. The tables
report the mean and the difference of the two concentration
values determined in each of the three laboratories using egs.
(2) and (3) and the S-respectively D-values reported in Table
3. In addition the overall mean concentrations per sampler type

and their relative standard deviations are given.

In the following, the reproducibility and the accuracy of the

measurements are discussed.

Reproducibility. In analogy to the evaluation of the Aarhus ex-

periment, the reproducibility has been assessed by means of egs.
(4) and (5) substituting however the sampled amounts A by the
measured concentrations c.. The resulting values of R and RA are

reported in Table 17.



Table 14 - Expected concentrations[;bg/m3] of test compounds in the
Berlin exposure chamber

expected concentrations mean expected| Standard

determined by concentration| deviation
weight Toss Tenax sampling C %
n-hexane 122 113 117.5 5.4
benzene 34.9 34.8 34.9 0.2
n-heptane 19.8 19.2 19.5 2.2
toluene 78.6 66.6 72.6 1.7
1.3 + 1.4-xylene 18.2 16.8 17.5 5.7
1,1,1.~trichloroethane 12.0 14.2 13.1 11.9




Table 15 - Test compound concentrations determined with OVM-3500 samplers exposed at Berlin

HIA WaBolLu JRC Mean conc. relative
Compound mean* difference* | mean* difference*|{mean* difference* | OVM 3500 SD
ug/m3 ug/m3 ng/m3 ug/m3 [%]
n-hexane 61.2 29.7 84.7 14.1 73.0 3.9 72.9 20.3
benzene 17.5 9.3 22.9 0.3 21.5 2.0 20.6 19.0
n-heptane 10.8 5.2 17.4 0.1 9.7 1.6 12.6 32.3
toluene 31.5 9.5 54 4.0 48.9 3.9 44.8 24.9
1.3 + 1.4-xylene 38.2 5.3 17. 2.1 10.9 0.3 22.1 58.6
1.1.1 trichloro-
ethane 12.9 6.4 10.4 1.0 16.7 0.3 13.3 26.1
Table 16 - Test compound concentrations determined with GASBADGE samplers exposed at Berlin
HIA WaBolLu JRC Mean conc. relative
Compound mean* difference* #mean* difference* |mean* difference*| GASBADGE SD
ug/md ug/m3 ug/m3 ug/m3 [%]
n-hexane 68.0 41.2 96.9 14.2 95.5 15.0 86.8 23.7
benzene 19.2 8.1 27.0 4.1 20.0 0.2 21.7 21.3
n-heptane 14.2 6.2 20.1 3.0 11.7 1.3 15.3 29.2
toluene 42.9 21.4 62.7 8.3 46. 0.9 50.6 23.6
1.3 + 1.4 xylene 39.9 11.3 18.6 3.1 10.3 0.6 22.9 61.7
1.1.1-trichloro-
ethane 15.0 11.4 13.8 2.9 17.2 1.0 15.3 26.4

* of the values obtained with the two samplers analyzed in each laboratory

-LZ-
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* *k
Table 17 - Reproducibility R and mean ratios RA of test compound

concentrations determined with each couple of samplers

0VM-3500 GASBADGE
R (%) + SD RA + SD R (%) # SD RA ¢+ SD
HIA 40.6 15.4 | 1.35 0.43( 50.1 16.5 1.40 0.50
WaBolu 8.0 6.3 | 1.08 0.071 16 2.7 1.17  0.03
1.9 a) 1.9a)
JRC 7.3 5.4 { 1.07 0.07| 7.3 5.1 1.01 0.10

a) values obtained if the concentrations of one of the two samplers

* calculated using eq. (4

** calculated using eq, (5

are divided by the mean ratio RA = 1.17
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For technical reasons at the HIA the analysis of the samplers
was delayed for several months. The high values of R and RA may
therefore be a result of sample changes. Out of the other re-
sults, only the reproducibility obtained with the GASBADGE
sampler at the WaBolu exceeds 10%. This appears to be due to
differences between the two samplers, since concentrations de-
termined with one of the samplers are consistently higher by a
factor of 1.17 than those determined with the other sampler.

In fact, correcting the concentrations of one of the samplers
by this factor, a R-value of only 1.9% results. This finding
confirms the conclusion drawn from the Aarhus experiment that
there may be significant differences of adsorption/desorption
characteristcs between samplers of the same type which need

further investigation.

Accuracy. Table 18 compares the mean concentrations measured
with the OVM-3500 and the GASBADGE samplers and the overall mean
of the measured concentration values with the expected concen-
trations. The latter values differ by less than 40%. This is in

agreement with the result of the Aarhus experiment.

Yet no clearcut conclusion can be drawn as to the reasons of the
deviations between measured and expected values. They cannot be
explained by the errors of the analytical stepsfollowingextrac-
tion of the samplers which are significantly lower and range
between 5 and 15%. A few indications may be derived from Tables
18 and 19. Values in Table 19 have been calculated using eq. (7

and introducing the expected concentration values for c.

Table 18 shows that for most compounds the measured values are



Table 18 - Comparison of measured and expected test compound

concentrations

Measured mean concentrations ug/m3 D\ EXPECTED -
Combound EXPECTED + SD % MEASURED IN % b.p.
ompoun OVM-3500 | GASBADGE| OVERALL + SD % OF EXPECTED [°c])
n-hexane 72.9 86.8 79.9 23 17.5 5.4 32 69
benzene 20.6 21.7 21.3 20 34.9 0.2 39 80
n-heptane 12.6 15.3 14.0 31 19.5 2.2 28 98
toluene 44.8 50.6 41.7 24 72.6 1.7 34 m
1.3 + 1.4 xylene 22.1 22.9 22.5 57 17.5 5.7 -29 138-9
14.0% 14.4* 14.2% 29* 19*
1.1.1-trichloro-
ethane 13.3 15.3 14.3 26 “13.1 11.9 -9 74

* excluding values measured at Aarhus

-08_
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Table 19 - Accuracy AC obtained with the two sampler types in the three
participating laboratories

0VM-3500 GASBADGE AC % of
AC [%] & SD AC [%] &+ SD Laboratories
HIA 53 t 37 50 + 40 54 ¢+ 38
WaBolLu 20 t+ 12 11 £ 8 20 t+ 18
JRC 37 + 8 35 % 9 36 + 8

AC [%] of
sampler type 37 + 26 32 *+ 28
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smaller than the expected ones. For n-hexane, benzene and tolue-
ne the difference exceeds the standard deviation of the overall
mean of measured concentrations. Sample loss by re-evaporation
from the samplers which could be considered as an explanation,
should show some dependence on the boiling points of the test
compounds which is not observed (see b.p. values included in Ta-
ble 18).

On the other hand Table 19 suggests that the storage time of
samplers (or their history?) may have an influence on the ac-
curacy. In fact the AC value is smallest for the WaBoLu where
analysis has been performed immediately after exposure and high-
est for the HIA, where analysis could be performed only several
months after exposure. Table 19 does not indicate any signifi-

cant difference between the two sampler types.

CONCLUSIONS

The described experiments aimed at a first rather rough evaluation
of the applicability of passive samplers to the assessment of or-

ganic indoor pollution.

The most important finding is that there are apparent differences
between samplers of the same type. It has not been possible to
elucidate the reasons for these differences. Theoretically inhomo-
geneities of the exposure chamber atmosphere, or differences of the
adsorption or desorption characteristics may play a role. This is
an important point which deserves further attention since it af-
fects significantly the reproducibility and the accuracy of the re-

sults.
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Overall reproducibility and accuracy has been within about 40% but
reproducibility was 15-20% or better if systematic differences
between samplers were corrected for. This is an acceptable result
in view of the fact that each of the participating laboratories had

to manipulate samplers without being familiar with all types used.

A more detailed study on a larger number of samplers would be
highly desirable. For this study a common analytical protocol
should be established and an effort should be made to control the
concentrations of test compoundslin the test chamber using dif-

ferent independent methods.
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Use of the Sampling Guide Tables:

The following table summarizes OSHA standards, 3M monitor sampling information and recommended
sampling procedures for a variety of organic compounds for which the 3M Organic Vapor Monitors can
be used to acccurately determine the environmental exposures. The table is not exhaustive and will be
updated periodically. To obtain periodic updates, retum the registration card contained in every box of
monitors to 3M Company.

A. OSHA Standards

The OSHA TWA-PEL's (Time Weighted Average) given as workshift time weighted averages are taken
from the Federal Register as found in 29 CRF 1910.1000 as of 1 January 1977 and are summarized in
the “NIOSH/OSHA Pocket Guide to Chemical Hazards.” Also included in parentheses are the current
ACGIH (American Conference of Governmental Industrial Hygienist) values in cases where they differ
from OSHA TWA's. These values are subject to change and appropriate publications should be
consulted for the most current information.

B. Monitor Samples Information
¢ Sampling Rate

All sampling rates have an accuracy of + 5%. The (*) compounds in the Sampling Guide tables have
been subjected to an extensive amount of laboratory work to verify the sampling rate. The sampling
rates given for the remaining compounds in this table were determined from empirical relationships
as outlines in a publication on Sampling Rate Validation. The sampling rates are tabutated as cubic
centimeters/minute and micrograms/ppm-hour. The publication on Sampling Rate Validation Protocol
can be obtained upon request from 3M Company.

The top section of the #3520 (containing the primary absorbent) has the same geometric dimension
as the 3M Organic Vapor Monitor #3500. Therefore, the sampling rates are the same, and also have
an accuracy of +5%.

* Capacity : ¢

The capacity of the monitor for each individual compound is a function of molecular structure, vapor
pressure, environmental conditions, etc. The capacity values are tabulated in Section Il - Analysis
Guide, and are used to delermine the length of a recommended sampling period.

Because of the backup section, the effective sampling capacity of the Organic Vapor Monitor #3520
is four times greater than the values listed for the Organic Vapor Monitor #3500/3510.

When sampling environments containing contaminant mixtures on environments with high relative
humidity, it is difficult to accurately define the diffusional sampling capacity. Therefore, under these
conditions, the weight (Ws) collected by the secondary absorbent of the backup section can be
compared with the weight (Wp) collected by the primary absorbent to determine sample validity. The
ration Ws/Wp must be equal to or less than 0.50.

C. Length of Sampling Period
1. General
3500/3510

When sampling for organic contaminants, full workshift sampling periods are recommended as
the most comprehensive measures of worker exposure. When sampling some organic
contaminants, sampling periods shorter than a full workshift are required in order to sample
within the recommended capacity of the monitor. Under these circumstances, sequential
sampling with several monitors can be performed.

3520

For those compounds where the recommended length of the sampling period for the Organic
Vapor Monitor 3500/3510 is less than a full workshift, the length of the sampling period can be
increased by a factor of four when using the Organic Vapor Monitor #3520. Because of the
increased effective capacity of the Organic Vapor Monitor #3520, sampling periods longer than a
full workshift are possible. The preferred recommendation is for full workshift sampling periods.
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2. Ettect on Humidity

Recommended sampling periods have been tabulated for concentration ranges from .1 to .5
times the PEL and from .5 to 3 times the PEL for relative humidities less than or greater than
70%. These recommended sampling periods should not be exceeded when using OVM
#3500/3510.

3. Minimum Sampling Time

To confirm quantitatively the presence and concentration of a contaminant in the atmosphere,
most analysts must have a minimum of 10 micrograms for G.C. analysis. A sampling period of at
least 15 minutes is recommended even when 10 micrograms of the contaminant could be
collected in a shorter period. For a contaminant at a low concentration level, the sampling rate of
micrograms/ppm-hr. should be used to verify a sampling period during which at least 10
micrograms of the contaminant would be collected.

Short Term Exposure Limit (STEL)

The ACGIH has recommended a short-term exposure limit (STEL) as a maximum concentration to
which workers can be exposed for a period up to 15 minutes continuously. No more than four (4)
such excursions per day are permitted, with at least 60 minutes between exposure periods, provided
that the recommended ACGIH daily TLV-TWA also is not exceeded. The STEL values summarized in
the following tables can be found in the “Threshold Limit Values for Chemical Substances in
Workroom Air Adopted by ACGIH for 1980.” The monitor is recommended for STEL sampling if,
during the 15 minute sampling period, the monitor will collect a minimum of 10 micorgrams of the
contaminant when sampling at the STEL concentrations.

Unsuitable Compounds

The OVM is not recommended for the compounds listed below because of adverse or inadequate
interactions with the sorbent material. This list is representative of classes of compounds not
suitable for use with the OVM.

Compounds not on this list or the Compound Guide should be handled by consultation with OH&SP
Technical Service.

Compounds
Ammonia Methane, Ethane, Propane
Carbon Monixide (1) Methyl Alcohol (Methanol)
Ethylene Oxide (2) Methyl Chloride
Formaldehyde (3) Methyl, Dimethyl, Trimethyl Amines
Hydrogen Sulfide Organic Solids
Isocyanates Sulfur Dioxide

(1) Carbon Monixide can be monitored using 3M Monitor #3400
(2) Ethyiene Oxide can be monitored using 3M Ethylene Oxide Monitor #3550/3551
(3) Formaldehyde can be monitored using 3M Formaldehyde Monitor #3750/3751

Compounds Printed in Bold Type

All compounds listed in bold type in the OVM Sampling Guide will be analyzed by 3M for the OVM
#3510. tFor more information contact your 3M Sales Representative or your local OH&SP Safety

Products Distributor.
tPre-paid analysis for up to three compounds.



The conlaminant concentraon can be calculated with the lollowing information:
¢ Sampling Informatio.s

Contaminant
Longth of Sumpling Puriod (min.) t

o Contaminant information from Tables in Analysls Guide
Calculation Conatant A or B

¢ Analytical Resuits

Contaminant woight rocoverod W (Micrograms)
Rucovury Cuulticiunt (r)

Thu time-welghted-average concontralion in miligrams per cubic motur ol the contanmunant in the
environment sampled can be calculated from the lollowing expression:

Cimg/m?) = W (micrograms) A
r x 1 (minutes)

The lime-weighted-averageo concentration in parts per million (ppm) of the contaminant can be calculated
from the following expression:

C(ppm) - w (mlengafnS) x8
rxt (minutes)

The above expressions calculate the time-weighted-average concentrations at a sampling temperature of
25°C (298°K) and pressure of 760 mm. When sampling at other environmental conditions, the above
expressions need to be corrected only for vanations in temperature. The above expressions ¢an be
muiliplied by the following temperalures correction factors (CFy) lor samples collected at tlemperatures other
than 25°C (77°F).

Temperature
Sampling Temperature Correction Factor

C) (°F) (CFq)
44 111 97
37 99 .98
N a8 .99
25 77 1.00
19 66 1.01
13 55 1.02

7 45 1.03

2 36 1.04
-3 27 1.05
- 8 18 1.06

Frum thu abovu Lable, uvury 10-11° abovu or beiow 77°F roquires a ong percent corrocuon 10 the calculalod
umu-waighiled-avorage conconiravon.

It the temperalure correction is desired, the ume weighled average concaentration can be calculalea by the -
lollowing expression:

Cimg/m?) = W (micrograms) x A x CFy
r x t (minutes)

Clopm) = W { mncrégrams) x 8 x CFy
rx ! (minutes)



Examplo Culculation

Conlaminant
Length of Sumpling Puriod (1)
Tompuralturu (T)
Calculation Constant A

or

8
Contanunant Wuigiit

Recovered (W)

Recovery Coefficient(r)

Using Culculation Conslunt A;

Benzene
420 minutus
75°F

28.2

8.83

27.2 micrograms
1.02

x28.2

(mg/m?)

(1.02) (420)

C = 1.79 mg/m?

Using Calculation Constant B:

C (ppm) =

x 8.83

(1.02) (4.20)

C = .56 ppm
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Sampling Guide
RECOMMENDED OSHA
SAMPLING PERIOD SHORT TERM st d
(Hrs.) EXPOSURE sndar SAMPLING
COMPOUND LIMIT by RATE
RH< 70% | RH>70% (15 min.) ( )¢Ev
1.6 53|.1.6 53] STEL | ovm | CCelling Microgram
PEL PEL|PEL PEL| (ppm) | Ussge | ®pm) | (cc/min) +ppm .
Acetone* 1 05 | 1 05 1250 Yes 1000 401 57N
Acetonitrile* 8 2 6 1 60 Yes 40 48.2 485
Acrylonitrile 8 2 6 1 - 2 438 5.70
Allyl Alcohol 8 8 8 6 2 No 2 40.4 5.75
Allyl Chioride 8 8 8 6 2 No 1 35.1 6.63
n-Amyi Acetate* 8 8 8 4 150 Yes 100 260 7.36
s-Amyl Acetate 8 8 8 4 - 128 27.2 868
n-Amyl Aicohol* 8 8 8 4 - (100) 314 6.78
I-Amyl Alcohol® 8 8 8 4 125 Yes 100 323 6.98
s-Amyl Alcohol 8 8 8 4 — (100) 323 6.98
Benzene* 8 8 8 6 25 Yes 10 355 6.78
Benzyl Chioride 8 8 8 6 - 1 27.2 8.48
Bromoform 8 8 8 6 - 05 29.3 18.19
Butadiene 04 NR| 04 NR| 1250 Yes 1000 428 567
n-Butyl Acetate 8 7 6 3 200 Yes 150 31.6 9.00
s-Buty! Acetate 8 5 6 3 250 Yes 200 286 814
t-Butyl Acetate 8 4 6 3 250 Yes 200 294 8.37
Buty! Acrylate 8 8 8 6 —-— - 28.7 801
(10)
Butyl Alcohol* 8 8 8 4 - 100 343 5.55
(50)
s-Butyl Aicohol 8 6 6 3 - 150 348 6.32
1-Butyl Alcohol 8 7 6 3 150 Yes 100 35.2 6.39
Butyl Celiosolve® (2-Butoxyethanol) 8 8 8 6 150 Yes 50 28.2 8.15
Butyl Glycidyl Ether (BGE) 8 8 8 6 - 50 27.0 861
p-tert-Butyltoluene* 8 8 8 6 20 Yes 10 207 7.51
Camphor 8 8 8 6 3 No 2 21.4 7.1
Carbon Disulfide 8 2 6 1 — 20 428 7.88
Carbon Tetrachloride* 8 8 8 6 20 Yes 10 30.2 11.41
Celiosolve* (2-Ethoxyethanol) 8 5 8 3 150 Yes ( f&% 324 7.14
Celiosolve Acetate® 8 8 8 4 150 Yes 100 26.6 8.60
(2-Ethoxyethyl Acetate) .
Chiorobenzene* 8 8 8 5 - 75 29.3 8.12
o-Chlorostyrene 8 8 8 6 75 Yes - 26.0 8.87
(50)
o-Chiorotoluene 8 8 8 6 75 Yes —_ 27.3 8 51
(50)
Chliorobromomethane* 8 1516 1.5 250 Yes 200 34.4 10.89
Chloroform* 8 4 6 3 50 Yes 50 335 9.78
(10)
1-Chloro-1-nitropropane 8 8 8 8 - 20 30.4 9.25
Chioroprene (2-Chloro-1,3-butadiene) 8 8 6 4 —_ 25 32.2 7.03
(10)
Cumene* 8 8 8 6 75 Yes 50 245 8 82
Cyclohexane* 8 3 6 2 375 Yes 300 324 6.67
Cyciohexanol* 8 8 8 6 —_ 50 295 7.24
Cyclohexanone* 8 8 8 6 - 50 28.9 6.94
Cyclohexene* 8 3 6 2 - 300 323 6.49
Diacetone Alcohol® 8 8 8 6 75 Yes 50 28.2 7.15
o-Dichlorobenzene* 8 8 8 6 - 50 278 10.03
p-Dichlorobenzene* 8 8 8 6 110 Yes 75 278 10 03
1,1-Dichloroethane 8 15| 4 1.5 250 Yas (;gg) 33.2 8 07
1,2-Dichloroethylene* 1 02 {1 0.2 250 Yes 200 35.2 8 38
1,1-Dichloro-1-nitroethane 8 8 8 6 10 Yes 10 28.5 10.07
Dichloroethyl Ether 8 8 8 8 10 Yes 1( g 26.1 9.16
)
Diisobutyl Ketone* (DIBK) 6 8 (8 6 - 50 246 8.56
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Sampling Guide
RECOMMENDED OSHA
SAMPLING PERIOD SHORT TERM Standard
(Hrs.) EXPOSURE TWA-PEL sA::uENo
LIMIT T
COMPOUND RH<70% [RH>70%|  (tsminy | ()G
1.5 5315 53| STEL | oOvMm c‘(cp;',',:;" (cciminy | Microgram
PEL PEL|PEL PEL| (ppm) Usage ppmr.
Dimethy! Formamide (DMF) 8 8 8 6 20 Yes 10 324 5.8
p-Dioxane 8 8 8 4 - 100 345 7.45
(50)
Dipropylene Glycol Methyl Ether 8 8 8 4 150 Yes 100 25.3 9.19
Enflurane 8 8 8 6 - - 28.3 12.81
(2-Chloro-1,1,2 trifluoroethyl ]
difluoromethyl ether)
Epichlorohydrin 8 8 8 6 5 No 5 290.6 6.76
(1-Chloro-2,3-epoxy-propane}) (2)
Ethyl Acetate* 7T 1 4 1 - 400 345 7.45
Ethyl Acrylate 8 8 6 4 - 25 322 7.90
Ethyl Alcohol 4 05 |4 05 - 1000 51.2 5.78
Ethyl Benzene 8 8 8 4 125 Yes 100 27.3 7.10
Ethyl Bromide* 1 021 02 250 Yes 200 36.4 9.74
Ethyl Butyl Ketone (3-Heptanone) 8 8 8 6 75 Yes 50 28.0 7.83
Ethyl Ether 03 NR)]|03 NR 500 Yes 400 36.8 6.68
Ethyl Formate 3 05]3 05 150 Yes 100 388 7.04
Ethylene Chiorohydrin (2-Chloroethanol) | 8 8. { 8 8 - 5 339 6.68
Ethylene Dibromide* 8 8 8 6 - 20 29.8 13.66
(1,2-Dibromomethane)
Ethylene Dichloride* 8 8 6 4 15 Yes 50 33.2 8.07
(1,2-Dichioroethane) (10)
Furfural 8 8 8 8 15 Yes 5 34.3 8.08
Furfuryl Alcohol 8 8 8 6 10 Yes 50 326 6.98
. (5)
Glycidol {2,3-Epoxy-1-propanol) 8 8 8 -] 75 Yes 50 371 6.74
Halothane 8 8 6 4 - - 30.2 14.63
(2-Bromo-2-chioro-1,1,1 trifluoroethane) 2
Heptane* 8 2 4 2 500 Yes 500 28.9 7.08
. (400)
Hexachloroethane 8 8 8 3 Yes 1 26.7 15.53
Hexane® 8 15|4 15 125 Yes 500 32,0 6.74
(100)
s-Hexyl Acetate 8 8 8 4 — 50 28.1 9.93
Isoamyl Acetate 8 8 8 4 125 Yes 100 27.2 8.68
Isoamyl Alcohol* 8 8 (8 4 125 Yes 100 32.3 6.98
Isobutyl Acetate* 8 8 |8 4 187 Yes 150 31.0 882
Isobutyl Alcohol* 8 8 |6 4 75 Yes 100 35.9 581
(50
Isophorone* 8 8 8 6 - 25 21.7 7.34
(5)
Isopropyl Acetate 8 2 6 2 310 Yes 250 a7 7.93
Isopropyi Aleohol 8 2 6 2 500 Yes 400 39.4 5.17
(250)
isopropyl Ether 5 08}4 08 310 Yes 500 31.2 7.81
(250)
Isopropy! Glycidyl Ether 8 8 8 6 75 Yes 50 29.1 8.28
Mesityl Oxide* 8 8 8 6 - 25 31.2 7.49
Mesitylens* (Trimethy! Benzene) 8 8 8 6 35 Yes 25 26.3 1.73
Methyl Acetste 3 05|3 05 250 Yes 200 379 6.72
Methyl Acrylate 8 7 6 3 - 10 35.8 7.56
Methylal (Dimethyoxymethane) 03 NR} 03 NR| 1250 Yes 1000 379 7.07
Methyl Amyl Ketone (2-Heptanone) 8 8 8 4 150 Yes 100 27.9 7.81
Methyl Bromide 4 05|3 05 - 20 46.5 10.84
(15)
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Sampling Guide
RECOMMENDED SHORT TERM OSHA
SAMPLING PERIOD Standard
(Hrs) EXPOSURE ahaar SAMPLING
LMY W:&Eﬁh RATE
COMPOUND 15 min,
RH<70% | RH>70% ( ) TV
C-Celling
4.5 853].1.5 53| STEL OVM cc/min) | Microgram
PEL PEL|PEL PEL| Gpm) | Ussge | ©pm) | (ceimingi S
Methyl Butyt Ketone* (2-Hexanone) 8 8 8 4 50 Yes 100 20.7 1.29
Methyl Isobutyl Ketone* (Hexanone) 8 8 8 4 125 Yes 100 30.0 7.35
Methyl Cellosolve* (2-Methoxyethanol) 8 8 8 6 35 Yes 25 36.3 6.76
Methyl Cellosolve Acetate* 8 8 8 6 35 Yes 25 29.0 8.38
(Ethylene Glycol Methyl Ether Acetate)
Methyl Chioroform* 6 4 450 Yes 350 30.9 10.09
Methyl Cyclohexane* 8 25 1|6 2 500 Yes 500 28.9 6.94
Methyl Cyclohexanol 8 8 8 4 75 Yes 128) 28.8 8.06
(
Methyl Ethyl Ketone* (2-Butanone) 8 3 6 2 300 Yes 200 36.3 6.41
Methyl Formate 07 NR|O07 NR| 150 Yes 100 45.0 6.33
5-Methyl-3-heptanone 8 8 8 6 - 25 26.4 7.39
(Ethyl Amyl Ketone)
Methy! lodide 6 1 4 1 10 Yes 5 36.7 12.79
Myethyl Isobutyl Carbinol 8 8 8 6 40 Yes 25 20.2 6.51
(Methyl Amyl Alcohol)
Methyl Isoamyl Ketone 8 8 8- 4 150 Yes 100 28.0 783
Methyl Methacrylate 8 8 8 4 125 Yes 100 31.8 7.80
Alpha Methy! Styrene* 8 8 8 4 - 100 25.0 7.24
Methylene Chioride* (Dichloromethane) | 1 0211 0.2 250 Yes 500 379 7.91
(200)
Naphtha (VM&P)* 8 2 6 2 400 Yes 300 33.2 8.15
Naphthalene 8 8 8 6 15 Yes 10 24.6 6.88
Nonane* 8 5 6 3 250 Yes - 246 .M
(200)
Octane* 8 3 8 2 375 Yes 500 - 26.6 7.43
Pentane* 25 04| 25 04 750 Yes 1000 353 5.56
(600)
2-Pentanone* (Methyl Propyl Ketone) 8 § 6 3 250 Yes 200 33.0 6.95
Perchloroethylene (Tetrachloroethylene) 8 7 6 3 150 Yes 100 28.3 11.83
Pheny! Ether 8 8 8 6 2 No 1 241 10.05
Pheny! Glycidy! Ether 8 8 8 6 15 Yes 10 208 n
n-Propyl Acetate* 8 4 8 3 250 Yes 200 30.1 7.53
n-Propyl Aicohol* 8 8 6 4 250 Yes 200 39.7 5.21
Propylene Dichloride* 8 8 6 4 110 Yes 75 30.6 8.49
(1,2-Dichloropropane) .
Propylene Glycol Monomethyl Ether 8 8 8 4 150 Yes —_ 324 6.09
(100)
n-Propy! Nitrate 8 8 8 4 40 Yes 25 333 1.27
Stoddard Solvent 8 4 6 3 125 Yes 500 243 8.59
(100)
Styrene* 8 8 8 4 125 Yes 100 258 6.83
1,1,2,2-.Tetrachloroethane 8 8 8 6 10 Yes 5 28.4 1n.n
1,1,1,2-Tetrachloro-2,2-difluoroethane 5 0751 4 0.75| 625 Yes 500 29.7 14.87
1,1,2,2-.Tetrachloro-1,2-difluoroethane 5 075{ 4 0.75] 625 Yes 500 28.2 14,12
Telrahydrofuran 8 2 4 2 250 Yes 200 37.2 6.57
Toluene* 8 6 6 3 150 Yes 200 31.4 7.08
1,1,2-Trichloroethane* 8 8 6 & 20 Yes 10 29.7 9.69
Trichloroethylene* 8 8 8 6 150 Yes 100 311 10.00
(50)
1,1,2-Trichloro-1,2,2-trifluoroethane 05 NR| 05 NR] 1250 Yes 1000 31.4 14.41
1,2,3-Trichloropropane 8 8 8 6 75 Yes 50 27.4 9.88
Vinyl Acetate 8 8 6 4 20 Yes - 35.8 7.56
(10)
Vinyl Bromide 2 2 2 2 —_ (5) 410 10.77
Vinyl Chloride* 2 2 2 1.5 - 1 40.9 8.22
(5)
Vinylidene Chloride 2 2 2 2 20 Yes (10 38.6 9.19
Vinyl Toluene 8 8 6 4 150 Yes 100 268 1.75
Xylene® 8 8 (6 4 150 Yes 100 273 7.09
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1. Introduction

The techniques you currently use to analyze charcoal tubes on a
gas chromatograph (GC) will apply to the analysis of the GAS-
BADGE organic vapor collection element. After you review the
instructions contained In this booklet, you may continue to use
your present analysis method after modifying 1t appropriately.

1.1 Principles of the Method. The GASBADGE Organic Va-
por Dosimeter uses principles of diffusion and chemical adsorp-
tion to collect organic vapors or gases in the industrial environ-
ment.'# Subsequent analysis of the collected vapors is done by
gas chromatography, utilizing solvent desorption techniques.?
The practical application of these principles and techniques
makes the GASBADGE Organic Vapor Dosimeter an excellent
tool for monitoring exposures of personnel to organic vapors and
gases.

1.2 Conducting a Monitoring Program. A monitoring pro-
gram can involve several individuals often separated by large
distances and varying levels of technical expertise. It requires
knowledge of employee work routines, and the areas in which
they can be exposed to potentially hazardous matenals.* Obtain-
ing accurate employee exposure information requires adequate
training of field and laboratory personnel. This manual will pro-
vide the necessary training of such personnel to assure accurate
results in the following areas.

1.2.1 Preparing the Dosimeter — Loading the dosimeter,; label-
ing and records-keeping.

1.2.2 Field Sampling — Putting a loaded GASBADGE Organic
Vapor Dosimeter on the employee; making sure a blank 1s prop-
erly taken; noting any conditions that could affect the collection
of vapors and gases.

1.2.3 Treatment of Exposed Samples — Removing the collec-
tion element from the dosimeter; putting the element into a
collection vial; labeling and records-keeping; transporting to the
analytical laboratory.

1.2.4 Sample Analysis — Preparing a standard curve; desorp-
tion efficiencies; sample analysis.

2



1.2.8 Preparing a Report — Calculating results: compiling em-
ployee exposure information; preparing the reponrt.

1.3 Range and Sensitlvity. The useful range of the dosime-
ter is 0.20-200 ppm for an 8-hour exposure. This range will vary,
depending upon the substances being monitored, the sensitivity
of the GC apparatus, and the length of the exposure time. In
general, the minimum sensitivity is determined by the sensitivity
of the gas chromatograph to the material being analyzed. The
maximum loading capacity for GASBADGE collection elements
is 10 mg. For additional information, see Section 1.5.

1.4 Precision and Accuracy. The mean relative standard
deviation of the analytical method and sample collection using
the GASBADGE Organic Vapor Dosimeter is 4.8% for benzene.
The dosimeter meets OSHA accuracy requirements for benzene
monitoring of *25% at a 95% confidence level.

1.8 Advantages. The dosimeter is small, portable, and in-
volves no liquids. Interferences are minimal, and one can elimi-
nate most of those that do occur by altering chromatographic
conditions. The dosimeter collection element is analyzed by a
quick, instrumental method. The method can also be used for the
simultaneous analysis of two or more solvents suspected of
being present in the same sample.

Itis difficult to overload the GASBADGE dosimeter at con-
centrations of interest, since it can readily sample 150-200 ppm
of most organic vapors for 8 hours. Additionally, the amount of
activated carbon in the GASBADGE dosimeter allows collection
of at least 15 mg of organic vapors. If a total of more than 10 mg
of organic solvents is collected on the activated carbon collection
element, one should suspect overloading of the dosimeter.

if the exposure area is suspected of having a high concentra-
tion of organic solvent vapors, more than one dosimeter can be
used to obtain consecutive samples for shorter time periods.
Using two dosimeters to collect two consecutive samples of 4
hours each doubles the range, etc.


















3. Analytical Procedures

3.1 introduction. The analytical method used is based on
NIOSH Method No. P&CAM 127, ORGANIC SOLVENTS INAIR.3
In general, the only significant difference in the analysis of
GASBADGE organic vapor collection elements from the analysis
of charcoal tubes 1s that the sample size usually is smaller, This is
due to:

a. less vapor/gas collected by diffusion, and

b. a larger amount of carbon disulfide (CS,) is added to the

collection elements in order to completely desorb the
sample.

With a well-calibrated gas chromatograph, accurate deter-
mination of ug quantities of contaminant, e.g., benzene, is rou-
tinely possible.

Calculation of time-weighted-average concentrations in
parts per million requires use of various standards, desorption
studies, and quality control checks In addition to analysis of the
samples. Standards are used to determine the concentrations of
the samples by comparison with known concentrations. Since
not all of the contaminant adsorbed on the charcoal will be
eluted, desorption efficiencies must be determined at difterent
concentrations. Periodic checking of the response of the gas
chromatograph and other laboratory techniques requires that an
ongoing quality assurance program be a part of the analyss.

3.2 Materials Required.
3.2.1 Equipment

a. Gas chromatograph equipped with flame ionization de-
tector.

b. Any column which can provide the desired separation.

c. A mechanical or electronic integrator or a recorder and
some method for determining peak area.

d. Septum-covered glass vials, A 3.7 ml screw-cap vial with a
teflon-rubber disc and an open-top screw cap is recom-
mended.

e. Hamilton syringes. 10 pl, or convenient sizes for making
dilutions.

f. Pipets. 2.0 ml class A delivery pipets; pipets graduated in

9
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0.1 ml increments; or approprate repipets.
. Volumetric flasks. 10 ml or convenient sizes for standards.
. Laboratory hood.

Laboratory shaker.

2 Reagents
Spectroquality carbon disulfide, or other eluent as
required.

WARNING
Acute carbon disulfide exposure can cause respiratory fail-
ure, and chronic exposure can cause severe psychological
disorder®.
Bulk sample of the compound under study.
Nitrogen, ultra pure — 99.995% or better (or other purified
carner gas)
Prepunfied hydrogen — 99.995% or better.
Filtered compressed air.

3 Typical GC Conditions’
GC column: 10% FFAP on chromosorb W, AW-DMCS,
80/100 MESH, 20 ft x 1/8 in.
30-50 cc/min. nitrogen carrier gas flow
65 cc/min. hydrogen gas flow to detector
500 cc/min. air flow to detector
200°C injector temperature
Isothermal oven or appropriate temperature program.
Other columns and settings would be appropniate if they
accomplish the desired separation of the contaminant
matenals analyzed.

WARNING
Carbon disultich: v cxtremiely Hommable, GEanpecton totn
peratures and column connections should be carefully
monitored. Auto rgnition temperature is 100°C.6

4 Cleaning of Equipment
All glassware used for laboratory analysis should be deter-

gent-washed and thoroughly rinsed with tap water and distilled
water.

10



3.3 Analytical Methods.
3.3.1 Desorption of Samples

Carbon disulfide is a suitable eluting solvent for most organ-
ics. Other eluting solvents may be used if they do not interfere
with the GC analysis. The eluent 1s added to the vial containing
the activated carbon collection element. It has been determined
that a volume of 3.0ml, rather than 2.0ml of carbon disulfide or
other eluent generally yields higher and more consistent desorp-
tion of collected samples. In addition, a 3.0m! solvent volume
makes it easier to remove an aliquot of the desorbed sample for
transfer to an auto-sampler vial. A 3.0ml desorption volume is not
recommended if it would lower the concentration of analyte
below the sensitivity of the gas chromatograph for the materials
being analyzed. (Note: standards are prepared using the same
volume of eluent as the samples). This step should be carried out
in a hood due to the high toxicity of CS,. For added protection
and convenience, a septum cap Is provided with each wvial. The
samples should be gently mixed at frequent intervals over a
desorption time of 30 minutes. Use of a laboratory shaker is
recommended. Care should be taken not to splash CS; on the
inside of the septa as this could cause loss of CS,,

3.3.2 Injection :

The first step in the analysis 1s the injection of the sample
into the gas chromatograph. To eliminate blowback or distillation
within the syringe needle, one should employ the solvent flush
injection technigue. The 10ul syringe is first flushed with solvent
several times to wet the barrel and plunger. Three microliters of
solvent are drawn into the syringe to increase the accuracy and
reproducibility of the injected sample volume. The needle is
removed from the solvent, and the plunger is pulled back about
0.2ul to separate the solvent flush from the sample with an air
bubble that is used as a marker. The needle i1s then immersed in
the sample, and a 5ul aliquot is withdrawn, taking into consid-
eration the volume of the needle, since the sample in the needle
will be completely injected. After the needle is removed from the
sample and prior to injection, the plunger is pulled back a short
distance to minimize evaporation of the sample from the tip of
the needle Duplicate injections of each sample and standard

"
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should be made. No more than a 3% difference in area is to be
expected. The analyte can also be transferred to the smaller vials
of an auto sampler. Automated injections would then provide
standardized injection technique®.

3.3.3 Measurement of Area

The area of the sample peak 1s measured by an electronic
integrator or some other suitable form of area measurement, and
preliminary results are read from a standard curve. {see Section
34)

3.4 Preparing a Standard Curve. |t is convenient to ex-
press concentration of standards in terms of pg/2.0ml eluting sol-
vent because samples are desorbed in this amount of eluent. A
seres of stardards, varying in concentration over the range of
interest, are prepared and analyzed under the same GC cond-
tions and dunng the same time penod as the unknown samples.
Curves are established by the plotting of concentration in ug/
2.0ml versus peak area.

The weight, in ug, corresponding to each peak area is read
from the standard curve for the particular compound. No volume
corrections are needed, because the standard curve is based on
1g/2.0ml eluting volume and the volume of sample injected is
identical with the volume of the standards injected.

A rule of thumb for determining the range of interest for
standards 1S to make solutions at 0.5, 1.0 and 2.0 x the maxi-
mum permissible exposure value. To calculate the amount of
pure compound to add to 2.0ml CS; to correspond to this value,
see Section 4.1.

To prepare standards at low concentrations, it may be nec-
essary 1o add the analyte to a suitable solvent to obtain measur-
able quantities of the substance to be quantitatively added to the
carbon disulfide.

Standards should be run in duplicate. The corresponding
pairs should be averaged and plotted. The use of a regression
analysis is helpful in determining the slope and intercept.

The standard curve should exhibit linearity over the range of
interest. To calculate concentration {pg) from the standard curve
{since 1t is of the formy = mx + b)

12



Area units — intercept
slope
For detailed caiculation procedures see Section 4.1.

kg =

3.5 Desorption Efficiencies. The desorption efficiency of a
particular compound can vary from one laboratory to another and
also from one batch of carbon to another. Thus, one must deter-
mine, at least once, the percentage of the specific compound
that is removed in the desorption process for a given compound,
provided the same batch of carbon is used. Since the desorption
efficiency may not be constant over all concentrations, desorp-
tion efficiencies must be done at several concentrations. The
concentrations are then plotted against the desorption efficien-
cies. The correct desorption efficiency for the concentration
sampled can be read off the graph. It is advisable to determine
desorption efficiencies using the same concentrations as the
standards. Desorption efficiencies should be run in duplicate at
the levels of interest.

To determine desorption efficiencies, place one activated
carbon collection element in each of eight glass vials and inject
known amounts of the analyte at three different concentrations
directly into six of the vials. The remaining two collection ele-
ments in the glass vials which have not been injected with
analyte serve as the blank. For low TWA levels it may be neces-
sary to add the analyte to a suitable solvent to obtain measurable
injection quantities of the substance of interest.

Cap the vials tightly and allow them to sit overnight. Then
desorb and analyze the elements in the same manner previously
described in Section 3.3.

Prepare three standards by injecting the same volume of
compound in 2.0 ml of CS; or other eluting solvents with the
same syringe used in the preparation of the samples. Analyze
these with the sampies.

The desorption efficiency equals the difference between
the average peak area of the samples and the peak area of the

13
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blank divided by the average peak area of the standards, or:

desorption efficiency = Aréa sample ~ Area blank
Area standard

For detailed calculation procedures, see Section 4.2,

3.6 Obtaining an Accurate Analysis. Samples should be
desorbed and run with the standards and desorption efficiency
samples. Uniform handling of the standards, desorption vials,
and samples is necessary for accurate results. The midpoint of
the standard curve should be run periodically during the analysis
to assure machine and operator uniformity.

A sample blank should be run with each group of exposed
samples. A CS, blank and a desorption efficiency blank should be
run as often as required. The sample blank should be an element
which was handled identically with the exposed samples, except
that it was not intentionally exposed to the contaminant. The
blank should have the same lot number, have traveled the same
route, been stored, desorbed, and analyzed in the same way as
were the exposed samples. The blank value in concentration
units should be subtracted from each sample analyzed.

3.7 Quality Control. For a complete discussion of quality
control in the industrial hygiene laboratory, see AIHA and NIOSH
publications &2

m
4. Calculations

4.1 8tandard Curve. Standards of one-half, one and two
times the TWA concentration, analyzed in duplicate, are recom-
mended. To calculate the amount of pure compound to add to
2.0mI CS; to correspond to a TWA cencentration for 8 hours, use
the following formula:

ng= TWA x mw x D x __t (1
3360
where:
TWA = maximum ppm concentration allowed for 8-hour expo-
sure

14



mw = molecular weight of organic solvent
D = diffusion coefficient of organic solvent (see Appendix
A or References 12 or 13)
t = 28.800 seconds for an 8-hour exposure (Note: time
must be expressed in seconds.)
3360 = constant denved from molar volume considerations,
temperature and pressure corrections, and dosimeter
dimensions. Assumes temperature of 25°C, pressure
of 760mmHg, both of which can be adjusted to reflect
actual sampling conditions. Constant of 3360 is derived
as follows:
22.400cm¥mole x _T°K_ x 760mmHg , 1.31cm
273°K  PmmHg  9.54cm?

where:

T = 298°K (25°C)

P = 760mmHg (1 atm)
1.31 cm = diffusion path length
9.64cm? = cross-sectional diffusion area

For different exposure levels (e.g. 0.5 or 2.0 x TWA) or
times adjust the relevant factors.

To convert the ug calculated into pul of organic solvent 1q be
injected into the vial, use the foliowing equation:

pl=_ B3 __ )
p % 1000
ng = value calculated trom first equation
p = density ot organic solvent in g/cc. ganerally at
25°C
(See References 12 or 13)
1000 = conversion factor for p to pg/ul

To determine the standard curve:

a. Determne the areas of the standards by GC analysis (see
Section 3.4).

b. Average duplicate determinations of peak area of stand-
ards.

c. Plot average peak area vs. ug in standard.

d. Determine the slope and intercept of the standard curve —
use a regression analysis.

15
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e. To convert peak area of each exposed sample to pg using
the following equation:

= Peak Area — Intercept (3)
Slope

4.2 Desorption Efficiencies. To determine the number of ug
adsorbed by the collection element under given exposure condi-
tions and the amount of solvent (in pl) to be injected into the
collection element, use equations 1 and 2 Section 4.1.

Since the maximum loading of the GASBADGE collection
elementis 10 mg of organic solvent, the pg calculated by equation
should not exceed 10,000 pg. If the value calculated by the above
equation exceeds 10,000 pg, use pg = 10,000 in the equation to
convert pg to pl of organic solvent to be injected into the vial.

To determine the desorption efficiencies, average the dupli-
cate determination of the peak areas for the desorption effi-
ciency samples, blanks, and standards, respectively.

Calculate the desorption efficiency using the following
equation:

Desorption Efficiency = Area Sample — Area Blank  (4)
Area Standard

K

4.3 Calculating Maximum ppm for an 8-Hour Expo-
sure. The maximum ppm that the activated carbon collection
element can monitor with confidence for a particular organic con-
taminant can be calculated using the following formula:

10,000 pg x 3360 5

ppm =
28,800 sec x mw x D

where:
mw = molecular weight of organic solvent
D = diffusion coefficient of organic solvent
3360 = constant (defined in Section 4.1)
28,800 = t in seconds (8 hours)
Higher concentrations can be monitored by shortening the
exposure time.

4.4 Determining Diffusion Coefficients. Diffusion coeffi-
cients are most accurately determined by actual measurement

16
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under controlled laboratory conditions. The diffusion coefficients
contained in Appendixes A and B were obtained by actual mea-
surement and were compiled by Nelson'®, and reproduced by
permission of the publisher.

If diffusion coefficients are not available, they can be calcu-
lated using Gillitand's approximation’". it should be emphasized
that there can be significant variations { + 10% or more) between
experimentally determined diffusion values and calculated diffu-
sion values. Consequently, exposure concentrations determined
using calculated diffusion coefficients should be considered es-
timated exposure concentrations rather than accurate values.
For example, the calculated value for Benzene is 12.5% lower
than the actual measured diffusion coefficient. For additional
information on this method, refer to the above references or
contact National Mine Service Co.

4.8 Calculating TWA (ppm) Exposure Values. The con-
centration of organic contaminant in air sampled for time is:

ppm = corrected pgX 1 x 3360 x _1_ (6)
where: mw Dte
corrected pg = pg exposed sample — pg sample blank
mw = molecular weight of organic solvent
D = diffusion coefficient of organic solvent in air at
25°C in cm Y/sec.
t = time exposed (in seconds)
€ = desorption efficiency
3360 = constant (defined in Section 4.1)
AREN——

5. Information Required by OSHA
as a Record of Employee Exposure
Measurements

In its Standard of February 10, 1978, on Occupational Ex-
posure to Benzene, OSHA sets forth specific requirements for
employer records of employee exposure measurements'®. The
record must include:

a) The dates, number, duration, and results of each of the

17



samples taken, including a description of the procedure
used to determine representative employee exposures;
b) A description of the sampling and analytical methods
used;
c) Type of respiratory protective devices worn, if any; and
d) Name, social security number, and job classification of
the employee monitored and all other employees whose
exposure the measurement is intended to represent.
Employers shall maintain this record for at least 40 years or
the duration of the employment plus 20 years whichever is
longer.
Similar record keeping requirements are advisable when
monitoring other gases and vapors.
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Appendix A
Physicaland Chemical Values for Various Organic Solvents
Dosimeter
Sampling
Compound TWA MW Constant Density,p?',
Benzene 10 781 00816 0 87865
Heptane 400 1002 0.0626 1.68376
n-Hexane 100 862 00692 06603
Monochiorobenzene 75 1126 00686 11058
Pentane 600 722 00733 0.6262
Styrene 100 1041 0.0691 0 9060
Tetrachloroethylene 100 1659 00638 16227
{Perchloroethylene)
Toluene 100 921 00715 0 8669
1.1.1 Tnchloroethane 350 1334 0.0665 1 3390
(Methyl Chloroform)
Trichloroethylene 100 1314 0.0698 1 4642
Xylene 100 1062 00642 o- 08802
m- 0 8642
p- 08611

'Handbook ot Chemistry and Physics. CRC Press S1st Edition (1971}
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Appendix B

- 65 -

Diffusion Coefficients at 25°C and 760 mm Hg in Air®

Compound
Acetone
Acrylonitrile
Allyl alcohol
Allyl Chionde
Amyl acetate
Benzene
Benzyl chloride
Bromoform
Butyl acetate
150-Butyl acetate
1s0-Butyl alcohol
Butyl alcohol
sec-Butyl alcohol
tert-Butyl alcohol
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroform
Diacetone alcohol
1,2-Dibromoethane
.Dibutyl phthalate
1,1-Dichloroethane
1.2-Dichloroethane
sym-Dichioroethy!
ether
Dichloromethane
Dioxane
Ethyl acetate
Ethy! alcohol
Ethyl benzene
Ethyl bromide
Ethylene chiorohydrin

Formula

(CH4),CO
CH,CHCN
CH;CHCH,0H
CH,CHCH,CI
CH3COO(CH,)4CH,
CeHs

CsHsCHCI

CHBT3
CH3COO(CH,)5CH4y
CH;COOCHzCH(CHJ,Q
(CH3),CHCH,OH
CHs(CH,),CH,OH
CH;CH,CHIOHICH4
{CH);COH

CS,

CCl,

CeHeCl

CHCly

(CH3);CIOH)CH,COCH,

CH,BrCH,Br
CsHalCOOICH,) CH,),
CHCI,CH,
CH,CICh,CI
(CICH,CH,),0

CH.CI,

- OI(CH,),0ICH ), ~
CH,COOC,H,
C,H,OH
CeH,CH,CH,
CH,CH,Br
CH,C1CH,0H

20

Diffusion
coefficient
(cm?/sec)
0.1049
0.1059
0.1021
0.0975
0.0610
0.0932
0.0713
0.0767
0.0672 -
0.0690
0.0880
0.0861
0.0891
0.0873
0.1045
0.0828
0.0747
0.0888
0.0647
0.0826
0.0421 =~
0.0919
0.0907
0.0694

0.1037
0.0922
0.0861 -
0.1181
0.0755
0.0989
0.0964



Ethyl ether (C,Hs),0 0.0918
n-Hexane CH,(CH,)4CH4 0.0732 -
Mesityl oxide {CH3),CCHCOCH, 0.0760
Methyl acetate CH;COOCH, 0.0978
Methyl! ethyl ketone CH;COCHg 0.0903
Methyl Formate HCOOCH;, 0.1090
Octane CH3(CH2)5CH1 0.0616 -
Pentane CH3(CH2)3CH1 0.0842
iso-Propy! acetate CH;COOCHI(CH,), 0.0770
Propyl acetate CH5;COOCH,;CH,CH;4 0.0768
iso-Propy! alcohol {CH3),CHOH 0.1013
Propyl alcohol CH;CH,CH,0H 0.0993
iso-Propylbenzene CeHsCHICH4), 0.0677
{cumene)

iso-Propyl ether [{CH3),CH),0 0.0683
Styrene CeHsCHCH, 0.0701
1,1.2,2-Tetrachlorethane CCI,HCCl,H 0.0722
Tetrachiorethylene Ci,CCCl, 0.0797
Toluene CeHsCH, 0.0849
1.1.1-Tnchlorethane CClIsCH, 0.0794
1,1,2-Trichlorethane CCI,HCCIH, 0.0792
Trichlorethylene CIHCCl, 0.0875
m-Xylene CeHa(CH3)2 0.0670 -
O-Xylene CgHal(CHa), 0.0727
p-Xylene : C6H4(CH3)2 0.0670

* Reproduced with permission of the publisher from “‘Controlled Test Atmo-
spheres’’ Appendix F, G O Nelson Ann Arbor Science Publishers, inc, Ann Arbor,
M1 48106, 1972, pages 212-216.
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